Abstract Neuropathic pain frequently affects older people, who generally also have several comorbidities. Elderly patients are often poly-medicated, which increases the risk of drug-drug interactions. These patients, especially those with cognitive problems, may also have restricted communication skills, making pain evaluation difficult and pain treatment challenging. Clinicians and other healthcare providers need a decisional algorithm to optimize the recognition and management of neuropathic pain. We present a decisional algorithm developed by a multidisciplinary group of experts, which focuses on pain assessment and therapeutic options for the management of neuropathic pain, particularly in the elderly. The algorithm involves four main steps: (1) detection, (2) evaluation, (3) treatment, and (4) reevaluation. The detection of neuropathic pain is an essential step in ensuring successful management. The extent of the impact of the neuropathic pain is then assessed, generally with self-report scales, except in patients with communication difficulties who can be assessed using behavioral scales. The management of neuropathic pain frequently requires combination treatments, and recommended treatments should be prescribed with caution in these elderly patients, taking into consideration their comorbidities and potential drug-drug interactions and adverse events. This algorithm can be used in the management of neuropathic pain in the elderly to ensure timely and adequate treatment by a multidisciplinary team.
Background
The increasing life expectancy in many countries is leading to an increasingly older population; since chronic pain is frequent in older people, its management in this population is increasingly relevant. Neuropathic pain (NP) is 'chronic pain arising as a direct consequence of a lesion or disease affecting the somatosensory system' [1] . It is particularly complex and difficult to treat and has a high treatmentfailure rate [2, 3] . Published estimates for pain prevalence range from 3 % using the Berger criteria to 9.8 % using
Chronic pain, such as that associated with osteoarthritis, is very common in the elderly and can cause sleep difficulties, leading to a compromised quality of life [17] . NP is often more debilitating than other chronic pain because of the extremely painful paroxysms, such as stabbing, burning, electric shock, allodynia, hyperalgesia; when present in addition to other chronic pain, NP can further affect patients' quality of life. NP is frequently resistant to available pain treatment, but it is essential to optimize its management in the elderly, especially those with cognitive impairment [18] . Current recommendations on pain assessment and management give general guidance to the management of NP. In current practice, there is a specific need to build on published guidelines for focusing on NP for elderly patients, especially for those with cognitive impairment [15, 19] . The aim of this paper is to describe a decisional algorithm with specific recommendations to improve the overall management of NP in the elderly, particularly those with communication difficulties. The algorithm has four components that cover the detection and diagnosis, evaluation, treatment, and re-evaluation of NP, with key points related to geriatric patients.
Algorithm Development

Algorithm Development Team
A group of medical experts comprising geriatricians, palliative care doctors, pharmacologists, pain clinic practitioners, and palliative care nurses participated in the algorithm development team that designed a decisional algorithm for NP detection and diagnosis, evaluation, treatment, and re-evaluation. To be eligible, the participants had to have between 10 and 30 years of experience in clinical care for patients with pain and/or elderly patients with different degrees of cognitive impairment. These participants formed the Doloplus Ò group team, who have validated and translated two behavioral scales, Doloplus Ò and Algoplus Ò , for pain evaluation in older patients with limited ability to communicate [20] [21] [22] .
Algorithm Development Process
The group searched PubMed for publications on tools used for NP assessment and for general guidelines on pain management in older individuals. The members of the group discussed their experiences, the limitations of NP management in cognitively impaired patients and held regular face-to-face meetings over 1 year, during which the algorithm was developed taking into account recommendations from geriatric and pain societies. After the algorithm was designed, it was sent to 50 members of the French Pain Society (SFETD) and the French Geriatrics Society for evaluation and feedback; it was also presented at the SFETD and at the Neuropathic Pain Special Interest Group (NeuPSIG) congresses in 2015. Feedback received was assessed and used by the Doloplus group team to validate the final version of the algorithm. We present here the final, consensual version of the algorithm.
Algorithm
The validated algorithm comprises four steps:
1. Detection and diagnosis of NP: pathological context and clinical signs. 2. Evaluation of NP and its impact: auto-evaluation and assessment with behavioral tools. 3. General guidelines for NP management and treatment approaches. 4. Re-evaluation of pain and treatment.
Step 1: Detection and Diagnosis of Neuropathic Pain (NP)
Older adults may underreport pain or have difficulties communicating about pain, even in the absence of cognitive impairment; therefore, physicians may undertreat pain [23] . It is important to remember that NP can be hidden by nociceptive pain, and healthcare practitioners must observe patients, looking for any warning signs of the presence of chronic pain with neuropathic characteristics. Any change of behavior in elderly patients, especially those with communication disorders impacting pain expression, should lead the physician to suspect the presence of pain. The patient's file must be checked to identify any pathology in their past history that could potentially lead to NP (Fig. 1) [17, 24] . Incorporating surrogate reporting, such as asking the patient's family about the patient's expression of pain, behavioral disorders, and their past history, can provide valuable information that may be missing from the patient's file.
Observation and clinical examination are at the heart of NP diagnosis. Protecting a particular part of their body, adopting an analgesic position in bed, paroxysmal bouts of shouting or sighing, or apathetic behavior can all suggest breakthrough pain or NP features (e.g., burning, tingling, electric shocks) that the patient may be unable to describe and discriminate. The physician should look for clinical signs that potentially lead to NP (cutaneous scarring, skin abnormality) and self-protection. Clinical examination should focus especially on the presence of two prominent symptoms: allodynia (a painful response to a normally innocuous stimulus) and hyperalgesia (an increased pain response to a normally painful stimulus) [25] . These symptoms often occur when the patient is being washed or during mobilization. Confirmation can be obtained by gentle stimulation with cotton wool and finger pressure on the suspected zone. Relief or degradation of the behavioral discomfort can be detected with stimulation, massage, or the application of hot or cold stimuli. Attempts should be made to identify the etiology of the elicited signs and symptoms.
Evaluation of NP and its Impact
Self-report is the gold standard for assessing pain, but information may be difficult to obtain, even if the patient has no cognitive impairment [15] . Older patients may estimate that pain is normal with aging or hesitate to complain because they are afraid to lose their independence or to take additional medical tests and interventions [26] . In the elderly, pain can be evaluated with a numerical or verbal rating scale (NRS or VRS); visual analog scales (VAS) are less recommended for this age group. Elderly patients with mild to moderate dementia may still be able to provide a reliable report of pain, even if self-report is not always possible. Comparisons and metaphors may help patients characterize their pain, and open-ended questions without follow-up questions are recommended [15] . More than 30 scales are available for elderly patients with cognitive impairment [13, 27] . These tools can determine whether the patient suffers from pain but cannot determine whether the pain is neuropathic. Despite variable content across tools, items to identify pain or discomfort overlap considerably [28] . Specific scales exist for NP, but none of them are adapted for patients with communication disorders because they all require patient participation (Table 1) [8, 9, [29] [30] [31] [32] [33] [34] [35] . Evaluation of quality of life and functional status, including cognitive psychological and depression/ anxiety questionnaires, are also part of the global evaluation of geriatric patients (Fig. 2) .
If self-evaluation is possible, an NP scale may be used in the elderly following usual instructions for use of the scale (Table 1) . If the NP scale gives a negative result whereas previous evaluation had shown pain and NP was suspected, the cause could be nociceptive rather than neuropathic. Treatment of nociceptive pain should then be attempted, with repeated reassessment.
Among the behavioral scales, Doloplus-one of the first published scales-and Algoplus have been validated for pain evaluation in elderly patients with communication disorders [21, 22] . Doloplus has three dimensions (somatic, psychomotor, and psychosocial reactions) each comprising ten items (rated from 0 to 3). Algoplus focuses on acute pain evaluation and has five items (facial expression, look, Self-report LANSS (S-LANSS) [9] LANSS: 5 items on neuropathic symptoms; 2 items on clinical examination S-LANSS: 7 items rated as present or absent; 2 items to evaluate pain distribution and intensity Neuropathic Pain in 4 questions (NP4) [29] Four questions divided into 10 items: 'yes' score = 1; 'no' score = 0
Neuropathic Pain Questionnaire (NPQ) [33] Total 12 items: 10 items related to sensory or sensation responses; 2 items related to affect a The Neuropathic Pain Scale (NPS) [32] Total 10 items: 7 items on pain characteristics (intensity, sharpness, hotness, dullness, coldness, skin sensitivity, and itchiness); 1 item on time when pain is present; 1 item on overall unpleasantness; 1 item on the intensity of deep and surface pain Neuropathic Pain Symptom Inventory (NPSI) [30] Five parts (spontaneous burning pain, spontaneous deep pain, paroxysmal pain, evoked pain, and paresthesia/dysesthesia) divided into 10 pain descriptors painDETECT [31] Nine items: 7 weighted sensory descriptor items and 2 items relating to the spatial and temporal characteristics of the individual pain pattern a NPQ Short-form comprising three items: numbness, tingling, and pain increase in response to touch [35] complaints, body position, atypical behavior): each item is scored 'yes' = 1 or 'no' = 0. A score of C2 for Algoplus and C5 for Doloplus indicates the presence of pain. In the algorithm, the Doloplus and Algoplus tools were combined to give a NP scale. If self-evaluation is not possible and NP is suspected, we propose to start evaluation with the Algoplus scale. An Algoplus score C2 indicates pain is present and should be treated. Treatment should be attempted and the pain regularly reassessed with re-evaluation of the neuropathic character of pain. A score of \2 with the Algoplus scales does not mean the patient has no pain. A recent study showed that 17 % of patients with a Algoplus score \2 had a positive Doloplus score. Therefore, we recommend that patients with an Algoplus score \2 should be evaluated with Doloplus or another behavioral scale (e.g. 
General Guidelines for NP Management and Treatment Approaches
Effective pain management in elderly patients begins with a comprehensive and accurate evaluation to be able to select the most appropriate treatment strategy, including pharmacological and non-pharmacological approaches [19] . Treatment efficacy and adverse events should then be evaluated and reevaluated. Pharmacological treatment is usually the first-line treatment for NP, but non-pharmacological approaches should be added when possible. NP treatment guidelines in the elderly are generally based on international recommendations [19] . Drug treatments have been reported to have limited efficacy in the elderly, but data and studies specifically for elderly patients are lacking. NP should be tackled within the specific setting of the geriatric patient, and the choice of medication will depend on their clinical situation, comorbidities, renal function, other medications, and cognitive status (Fig. 3) . The elderly may have previous serious illnesses accompanied by significant pain and symptom burden. Comorbidities associated with polypharmacy may complicate the evaluation, management, and treatment of NP, and patients are more likely to experience adverse effects [23, 36] . It has been reported that 31 % of patients aged C85 years present four or more chronic comorbidities [15] . Polypharmacy is frequent, and it has been reported that two-thirds of community-dwelling people aged [60 years take four or more medications daily; frail, elderly people with multiple comorbidities take an average of nine; and elderly hospital inpatients may take as many as 14 [15] . Non-prescription drugs, especially paracetamol, should be taken into consideration in community-dwelling patients. A number of physiological changes that can affect drug metabolism are also associated with aging, especially diminution of renal function [2, 23, 37, 38] . Adverse events such as constipation, vomiting, or nausea should be anticipated in older patients, especially in those using opioids [19, 39] . Drugs with the least potential drug-drug interactions should be preferred [39] . In older patients, the 'start low' and 'go slow' approach should be used, i.e., start treatment at the lowest dose and titrate up depending on efficacy and tolerability. Monotherapy, local treatments, and oral rather than intravenous routes should be preferred [37, 40] . Optimization of the benefit/risk balance is important, so frequent monitoring for overdose and efficacy should be planned. Treatment adherence should be verified even in patients who have no or only mild cognitive impairment. Beliefs about the treatment and its cost, efficacy, or adverse effects may lead to non-adherence in 40-75 % of older patients, who may take more than the prescribed dose, forget to take, or discontinue the treatment [26, 41] . Patients should be informed that the onset of action with antidepressants for NP treatment may take up to 2 weeks and may necessitate higher doses, and therefore they should continue the treatment for several weeks. The objectives of pain treatment should be explained to the patients, and they should understand that the goal of zero pain will rarely be reached. Reassessment of pain should include an evaluation of its impact on quality of life using, for example, the Patient Global Impression of Change (PGIC) [42] . If the patient is cognitively impaired, the clinical team will need to reevaluate with behavioral scales, observe all the above points, and monitor adverse events.
Pain may be difficult to diagnose in patients who are agitated and who present behavioral or psychological symptoms of dementia (BPSD); however, drugs for BPSD (including antipsychotics, anticonvulsants, antidepressants, anxiolytics, cholinesterase inhibitors, and N-methyl-D-aspartate-receptor modulators) should only be used after pain has been eliminated as a cause of the symptoms and after non-pharmacological treatments have been tried [19] .
The pharmacological treatment of NP has been well described, but special considerations are needed in elderly patients, especially those with cognitive impairment, as they have generally been excluded or under-represented in clinical trials [19, 43, 44] . First-line treatment for NP includes antidepressants, anti-epileptics, lidocaine 5 %, and capsaicin plasters, but treatment availability and prescription authorizations vary between countries. The efficacy of tricyclic antidepressants (TCAs) (amitriptyline, imipramine, clomipramine) for NP has been well established with a number needed to treat (NNT) of 3.6 and number needed to harm (NNH) of 13.4 [44] . However, the anticholinergic effects of TCAs (visual, urinary, gastrointestinal) mean they must be used with caution in older patients as well as in those with cardiovascular and cardiac diseases. Antidepressants also have many drug-drug interactions that need to be monitored. Gabapentinoids are also first-line treatments (NNT 7.7, NNH 13.9) that have a better safety profile, with minimal concern for drug-drug interactions and no interference with hepatic enzymes; however, they do induce central adverse events, including sedation, ataxia, or edema [38] . Although lidocaine plasters have been shown to result in less cognitive impairment than have antidepressants in older patients with post-herpetic neuralgia (PHN), a recent publication suggests the quality of the available evidence is too low for them to be considered as a first-line treatment option [17, 43] . Other serotonin-norepinephrine reuptake inhibitor (SNRI) antidepressants (e.g., venlafaxine, duloxetine, milnacipran) have a better safety profile than TCAs (NNT 6.4, NNH 11.8) [43] . However, these drugs have the potential for adverse events such as nausea, constipation, hot flashes, hyperhidrosis, palpitations, dry mouth, hypertension, and drug-drug interactions as well as a risk of serotonergic syndrome and therefore must be used very cautiously in the elderly.
Tramadol is an effective second-line analgesic for NP (NNT 4.7, NNH 12.6) but can give rise to adverse events such as nausea, constipation, drowsiness, and seizures and may increase cognitive impairment [43] . It should not be combined with antidepressants, commonly prescribed in the elderly, because of the risk of serotonergic syndrome, which is rarely lethal but increases confusion and general ill health in elderly patients. Capsaicin patches are effective for second-line treatment of peripheral NP, such as PHN, but the burning sensation and stinging may be intolerable, and data regarding their use in elderly patients are few [19, 45, 46] . However, a recent study that included patients up to the age of 80 years found the capsaicin patch offered a faster onset of pain relief and an overall higher level of satisfaction than did pregabalin [47] .
Strong opioids (morphine, oxycodone, methadone, tapentadol) have been shown to be efficacious in the treatment of peripheral NP (NNT 4.3, NNH 11.7) and are no longer considered as only end-of-life drugs. Some of their side effects, such as constipation, nausea, or vomiting, should be monitored and treated in elderly patients, especially those with cognitive impairment. Sedation, cognitive impairment, respiratory depression, and psychomotor impairment can be managed with an approach that includes slow titration and adequate hydration of the patient. These drugs are currently considered a third-line treatment because of the potential risk of abuse, a higher risk of mortality due to prescription-related overdose, diversion, misuse, and morbidity [43] . However, these considerations may not be relevant for elderly patients with NP and communication difficulties in long-term care facilities. Other anti-epileptics, such as carbamazepine and sodium valproate, that can be used for third-line NP treatment have many side effects and drug-drug interactions and should, therefore, be used cautiously in the elderly.
In the elderly, as for any patient with pain, if a combination of drugs is required, they should have different mechanisms of action. However, this approach should be used only when absolutely necessary and the drugs should be hierarchized to reduce the drug load and the risk of drugdrug interactions. A multimodal approach is recommended that includes both pharmacological and non-pharmacological treatments based on available evidence [40] . The role of non-pharmacological treatments for managing pain in the elderly is becoming increasingly important because they are safe, may relieve pain, and can enhance the effects of pharmacological treatment [45] . Additionally, many nonpharmacologic treatments used for patients with cognitive impairment involve behavioral techniques and exercise and have been reported to reduce pain and, in some cases, result in improved functioning [39] . However, longer-term studies in larger elderly populations are needed.
Re-evaluation of NP
The efficacy of pain treatment in elderly patients with communication and cognition disorders must be regularly reevaluated by pain assessment in collaboration with all the people involved in caring for the patient. An important goal is to minimize adverse events from drug treatments, and thus improve the benefit-risk ratio. The evaluations should be repeated frequently and discussed by the multidisciplinary healthcare team, who can decide what changes in the therapeutic strategy, if any, are required (Fig. 4) .
The present algorithm could be a useful practical tool in everyday practice. Its main limitation is that it has not been validated in real life. The Doloplus group is planning to validate the four steps of the algorithm in a prospective study involving a large population of older people with cognition impairment in the near future. This validation will enable the tool to be widely disseminated to healthcare providers who work with geriatric populations.
Conclusions
NP is a very challenging issue in elderly patients, particularly those with communication disorders or restricted communication skills. Every step is important, and evaluation should be a natural reaction for healthcare providers for patients with behavioral changes. Many tools are available, and they must be used adequately. The algorithm presented here could be a useful tool for clinical investigation in the elderly with cognitive impairment. Pharmacological treatments should be prescribed cautiously because, although the pharmacology of a drug may be known when used alone, it may be altered when used with other drugs and in elderly patients. Non-pharmacological treatments can be considered, but evidence for their efficacy is limited. Frequent re-evaluation and multidisciplinary team collaboration are important elements in providing the best quality of care for these patients with suspected NP. The algorithm presented here can be adapted and used to ensure that cognitively impaired elderly patients with suspected NP can be diagnosed and managed efficiently and efficaciously.
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